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Conditional Probability Based Early Termination of Recursive Coding
Unit Structures in HEVC
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Abstract

Recently, High Efficiency Video Coding (HEVC) is under development jointly by MPEG and ITU-T for the next international
video coding standard. Compared to the previous standards, HEVC supports variety of splitting units, such as coding unit (CU),
prediction unit (PU), and transform unit (TU). Among them, it has been known that the recursive quadtree structure of CU can
improve the coding efficiency while the encoding complexity is increased significantly. In this paper, a simple conditional
probability to predict the early termination condition of recursive unit structure is introduced. The proposed conditional probability
is estimated based on Bayes’ formula from local statistics of rate-distortion costs in encoder. Experimental results show that the
proposed method can reduce the total encoding time by about 32% according to the test configuration while the coding efficiency
loss is 0.4%-0.5%. In addition, the encoding time can be reduced by 50% with 0.9% coding efficiency loss when the proposed
method was used jointly with HM4.0 early CU termination algorithm.
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Fig. 3. Conditional probability P(N|C) for BasketballDrive 1080p@60Hz at QP34 and CU 32x32

Pi(N|C)%} Pi(NC|C)= Z}Z} rate-distortion cost C7} 501
e, AAH o] ¥ ol dojuiAl ¥2 FEH A
AA Eﬂol o &8 «1“]@‘:}. upebA F gre] 271

ghehst ? Ak & i&oﬂ/\i% Pi(N|C)Z Pi(NC|C)9}
?:]'“T a8 Hii} oq}\].ak 71—/\ 7}
trade-off 5 3 Hefsly] 918 7] wg 4] (2)9F 2ol
Bk, PiINC|C) = 1-PiN|C)7F AR TS o] &3] 4]
25 AUk

=« where w > 0 2

PANCO)>
we] gto] @=5ro]7] whiell, AR adf W= 03} 14}

olz T 4 2)7F é%fs}—t— = AAA Bl
H ol dojuA] = As orjsinz

AAE AAA Edo] FHH= A

FE87) QA g B3t EojEe oAl 4= 58 3t

AR 0] gho] ZolAd A3
2, Fosty] ik e 53
A& et Fo] AXA "k olHE

02 2o TN B33l Ark 7t
28 95 BE o 1t SAS HAE & 5 o Al vE
ANME, kg JAX a9 gholl W Ak 7HAhs) =

i
°
o
Ho
o)
-°
H oy
L
i
1 d El_,

AGHE S A g3 AAAE A (1) A 9

3+ 8HE-591 Pi(N), Pi(NC), Pi(C|N), Pi(C[NC)Z A4Fs}7]
g FAHCIHE FoF gt & =RdAe 999
Fogoll et Fasls agtel glof, 1zrith 27] 529
UL o] g3t FAHOIHE St £48 H, o] 3
ol-&ste] U] Z|Qlol s AAF £ S
st WAS Fsloith o]y d WAlS Bl HEe] Qe



#9401 HEVCE) A4 CU 720 ik 2% 8% 719 2% 94 9uelE 359

QA gy glo] AltE WS e 4 Aok

Hdl LCU Z7|7}F 64x648tal & o, AAH #3
64x64 CU, 32x32 CU, 16x16 CU2 37} deptholl A Lojt
t}. ©]E depth 0, depth 1, depth 22} 3}, Pi(N)I}
PiNC)E A7) flslA= 2t ifA depthell thall, AlF
2 2o dojubA] g2 3l CNisk, Z Hlal 315<] CTi
2 FZsto] At} o) 2R, iHA depthol 3 BE
P(N)Z PINC)= 4] (4)9} o] AlRtet.

c
— g P(NO)=1-P,(V) @
Cr

Pi(C/N)¥} Pi(C[NC)E AlXF ‘6‘} | fleiME AAH 8ol
Jojt 7499} TBA] 942 7399 rate-distortion costE]l
gk S| =ETHS sl of ?‘jr 2 =2oM= 7 depth
HE T 7R A9l s 22} rate-distortion costES 3
s &, Hagd Hoigks AkEsta, o] F it AllE T
g Aol2 20587 S|AEAWE ARSI =, WA
depthell oiall, AAZX ‘o] dojuAl & FeY
rate-distortion costE Oﬂ gk dolHE 388 §, o] o]
E7} ofd tfol] &at= A5 Altstal, sfFE = tdl
g w4 s §7V‘]7{JQE’>‘1 3]2~E 1% HNi[k]E 7
el=g

dot s|~E2 HNik]7} FIAH, 999 rate-dis-
tortion cost C7} 018 S uf i depthel] Tk =%
& Pi(CN)2 2] (5)9 o] AitE

PAAN= 1y K 32 #7413

k=0
where
k=max(0,min(19, [ C_SM—&- 0.5J )) 5
and
Max C'— MinC"
20

S'= { +0.5J

2} (5)914 MaxCi9} MinCie 212} i¥4] depthol i3,

ANAZ o] dojuhx] F& A$ +HH rate-distortion

costitE el Hu B HAgheloh PI(CINC)9 -9+ A4
Eglo] wrAlet 9o thsl] =3 S} rate-distortion costE2]
S|2ETFS o] &gt A e B OE L 7Y
sith <9 4>+ o]yt HAHES 2P0 =2 YERH Zo]

ot
encoding order

= JUUUINO0 - JUDUDOLL

1s (e.g. 50 frames for 50Hz)
\ j )\ )

Collect Collect
statistical statistical
data F.)‘(N|C) data
(i=0..2)
| J
¢ Gy ¢ Gy
HNI/ HNCI HNI/ HNCI
(i=0..2) (i=0..2)

T2l 4. moks 1%
Fig. 4. Proposed fast encoding algorithm

Bt ot E

1. HAE Z=A

Aket Wi e avE AT8] s, HM4.0[14]90 Al
okt WHH S T, ¢ a8 2 B33} i 2do)
A ¥l E3], HM4.000 ol & E o] e s
g due|Ee g 243 Aol dsiME A9 2
HE PGk 4F §& 2 53} RS vlasts] 9
34 JCT-VCAA ALgate 25 H2E 22" % ran

dom-access scenario2} low-delay scenarioS ALEEI o,
B7h Yoz e [15]00M AR HAE 93 5 Fo3)
drbgol 7 AA EAZE H= 5709 1080p B!
Kimono, ParkScene, Cactus, BasketballDrive, BQTerrace
£ AHESIATE HMA.0S 7|02 diE Wsks S5t

7] wol] BD-rate!'"ol ©}& 4 73 U PSNR tjH] HIE

F7he0] H5Y B3 95 B S58-2 sl




A 2012d A17E A2ZE

ot
&
S
ok
oby
o
%
_\0‘_
r-{n

AT Fosy] Aol A3 AdhH, 45 & TS 3.3%3.6% 7HEF stetelin). §
AAXY S 0.8% AT A, B53}7] Axkeo] of

%—6‘}%1 A4%-0.5% 712
o7 =28 o4 & 9%

g olefa wf BE), o]F0] AN AR 082

<3 >3 < 2> 4 3)9 YA ait= 0.5, 0.6, 0.7,
0.82 RISIAIZIHA] A W] B B7isk Aol
o}, 3. HM4.00i| XE=|0f

U= 1% gziEnel Hln

<E 153} <& 2-9) ZHERHE, YA ghol &7}9011
we} D 58] A gk Edbh gash] Bl 4 HM4.090 RAH15.8] WBAF7H 5 02) B9 o)
& 747} el A & 4 gtk PAA0R, ?;ﬁlxu B 202 olgaE 1 GaelF o] %Lffmoa ik
@1 059 Ao REs] QuFe] edsurVE A o] F, [1119] e thel, AT Wt 22 489 2

et & 5P| ARk (%)2E Al

Table 1. Performances of random access scenario according to various thresholds (BD-rate increases (%) / relative running time (%))

2 57t (%)

E 1. CIst AIR|of = X|okst 2HHo| MS (random access scenario) (52 PSNR CiH| H|E:

Sequence a=0.5 a=0.6 a=0.7 a=0.8

Kimono 1.8% / 56% 1.3% / 60% 0.8% / 63% 0.4% / 67%
ParkScene 2.3% / 61% 1.8% / 63% 0.8% / 66% 0.2% / 70%
Cactus 5.1% / 60% 4.1% / 63% 1.8% / 67% 0.6% / 70%
BasketballDrive 4.7% | 57% 2.3% / 60% 1.2% / 63% 0.4% / 66%
BQTerrace 2.5% / 56% 1.6% / 59% 1.1% / 62% 0.3% / 65%
Average 3.3% / 58% 22% / 61% 1.1% / 64% 0.4% / 68%

B 2. Cist 2

IAIR]o] 2 M|okst BiEHo| M5 (low-delay scenario) (S PSNR CHH| HIEE S7 (%) | £53P7| AR (%)22 EA|)

Table 2. Performances of low-delay scenario according to various thresholds (BD-rate increases (%) / relative running time (%))

Sequence a=0.5 a=0.6 a=0.7 a=0.8
Kimono 2.4% / 47% 1.8% / 52% 1.0% / 58% 0.5% / 63%
ParkScene 3.4% / 63% 2.4% / 66% 1.1% / 69% 0.4% / 73%
Cactus 5.7% / 58% 3.3% / 63% 2.1% / 67% 0.8% / 72%
BasketballDrive 3.7% / 55% 2.7% / 58% 1.5% / 61% 0.5% / 66%
BQTerrace 2.7% | 55% 1.7% / 59% 0.9% / 66% 0.4% / 69%
Average 3.6% / 55% 2.4% / 60% 1.3% / 64% 0.5% / 68%

E 3. HM4.0 1% B 2t 12|E1fol Hlm (random access scenario) (S PSNR CiH| HIES S7} (%) / £5317| AR (%)2Z EA|)

Table 3. Comparision with HM4.0 fast algorithm for random access scenario (BD-rate increases (%) / relative running time (%))

Sequence [11] Ao+t B (a=0.8) [11]+A] 23 1Y
Kimono 0.2% / 68% 0.4% / 67% 0.6% / 52%
ParkScene 0.5% / 57% 0.2% / 70% 0.7% / 46%
Cactus 0.5% / 62% 0.6% / 70% 1.1% / 50%
BasketballDrive 0.7% / 64% 0.4% / 66% 1.1% / 49%
BQTerrace 0.5% / 58% 0.3% / 65% 0.8% / 44%
Average 0.5% / 62% 0.4% / 68% 0.9% / 48%
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Table 4. Comparision with HM4.0 fast algorithm for low-delay scenario (BD-rate increases (%) / relative running time (%))

Sequence [11] Aorst W (0=0.8) [11]+AI9FsE ¥
Kimono 0.3% / 73% 0.5% / 63% 0.8% / 53%
ParkScene 0.4% / 60% 0.4% / 73% 0.8% / 49%
Cactus 0.7% / 65% 0.8% / 712% 1.4% / 53%
BasketballDrive 0.2% / 67% 0.5% / 66% 0.8% / 51%
BQTerrace 0.5% / 59% 0.4% / 69% 0.9% / 47%
Average 0.4% / 65% 0.5% / 68% 0.9% / 51%
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